In this retrospective study; we evaluate cardiac disorders and systemic hypertension in JAK2 V617F positive patients. We identified 1000 patients in our hospital system that had been evaluated for JAK2
Introduction
Myeloproliferative neoplasms (MPNs) are clonal disorders of hematopoietic stem cells characterized by the proliferation of one or more myeloid lineages. In the revised 2008 World Health Organization (WHO) classification of MPNs, the mutational status of JAK2 (Janus Kinase 2), a tyrosine kinase involved in intracellular signaling, is an essential part of the diagnostic algorithm [1] .
The JAK2 V617F point mutation has been reported in more than 90% of patients with polycythemia vera (PV) and approximately half of patients with primary myelofibrosis (PMF) and essential thrombocythemia (ET) [2] [3] [4] [5] . JAK2 is coupled to several cell-surface hematopoietic growth factor receptors including the EPO receptor and thrombopoietin receptor and MPL (myeloproliferative leukemia protein).
The specific JAK2 point mutation most closely associated with MPNs, causes constitutive activation of the JAK2 kinase domain, which results in erythropoietin-independent erythropoiesis. Approximately 15% of patients with PV suffer either an arterial or, less commonly, a venous thrombotic event within 2 years of diagnosis and 20% with a large vessel thrombotic complication such as a transient ischemic attack (TIA), cerebrovascular accident (CVA), myocardial infarction (MI), deep venous thrombosis (DVT), hepatic vein thrombosis, or thrombosis at other unusual sites.
The specific mechanisms for the predisposition of these patients toward thrombosis remain elusive. Investigators have postulated that increases in blood viscosity, elevations of either the white blood cell or platelet count, increases in platelet reactivity, and/or JAK2 V617F allele burden may play a role. All of these postulations are supported to some degree by both laboratory and clinical corroborative explorations. Effective interventions for JAK2 V617F positive MPNs include phlebotomy, aspirin therapy, cytoreductive therapy, and JAK2 inhibition and all of these interventions are thought to reduce the thrombotic risk associated with MPNs.
Of interest for the retrospective study reported here is the finding by previous investigators that the JAK2 V617F mutation is correlated with both specific cellular activation parameters of the polymorphonuclear leukocytes and platelets and thrombosis in patients with PV and ET. In this regard, reports of JAK2 mutation positive, patients presenting with large vessel venous thrombosis and no clinical evidence of MPN is especially interesting, since this implies that the presence of JAK2 abnormalities alone are of clinical importance and may influence the clinician's trigger for exploring JAK2 mutation status and the commencement of treatment.
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Materials and Methods
We performed a retrospective case series study at our multiinstitutional center. This study was approved by our Institutional review board. We reviewed 1000 patients identified by the hospital Medical Archival Retrieval System (MARS) laboratory data system who had been evaluated for JAK2 V617F mutation from January 2012 -December 2014. Finally, we found 100 JAK2 V617F positive patients and 100 JAK2 V617F negative patients matched by age and gender. We found the frequency of coronary artery disease (CAD), atrial fibrillation (Afib), heart failure (HF), myocardial infarction (MI), stroke, deep vein thrombosis (DVT), pulmonary embolism (PE), peripheral arterial disease (PAD), and hypertension (HTN) in two groups of patients. JAK2 V617F mutation was detected based on allele-specific PCR analysis (Sigma-Proligo and Sigma-Genosys, 3050 Spruce Street, St Louis, MO 63103). CAD and PAD were diagnosed based on angiography reports, Afib and MI were diagnosed based on EKG findings, HF was diagnosed based on echocardiography reports, stroke was diagnosed based on CT-scan reports, and DVT was diagnosed based on Doppler sonography reports. PE was diagnosed based on CT Angiography reports, and HTN was detected in routine check-ups. We collected the demographic information which included age, gender and race. All data were entered into Microsoft excel worksheet and statistical analysis performed using SPSS Version 22. The mean, minimum and maximum range was used to describe non parametric continuous variables such as age. Pearson chi square test was used to assess relationships between groups. Twosided P-value < 0.05 was designated as significant.
Results
The demographics for our study population are indicated in Tables 1 and 2 . Eighty six patients had systemic hypertension. Among these patients 54 patients were JAK2 V617F positive, while 32 patients were JAK2 V617F negative. Sixteen patients had CAD. Among these patients 13 patients were JAK2 V617F positive while 3 patients were JAK2 V617F negative. Twenty two patients had DVT. Among these patients 17 patients were JAK2 V617F positive while 5 patients were JAK2 V617F negative. Eight patients had pulmonary embolism. Among these patients 5 patients were JAK2 V617F positive while 3 patients were JAK2 V617F negative.
Sixteen patients had either embolic or ischemic stroke. No patients had hemorrhagic stroke. Among these patients 11 patients were JAK2 V617F positive while 5 patients were JAK2 V617F negative. Eleven Patients had MI. Eight patients were JAK2 V617F positive while 3 The frequency of HTN in JAK2 V617F positive patients 54% (95% CI: 0.44-0.64) compared to frequency of HTN in JAK2 V617F negative patients 32% (95% CI: 0.23-0.41) was statistically significant P = 0.002, and also the frequency of CAD in JAK2 V617F positive patients 13% (95% CI: 0.06-0.20) compared to frequency of CAD in JAK2 V617F negative patients 3% (95% CI: 0.001-0.06) was statistically significant P = 0.009.
Figure 2:
Frequency of DVT and stroke in JAK2 V617F negative and JAK2 V617F positive patients. The frequency of DVT in JAK2 V617F positive patients 17% (95% CI: 0.10-0.24) compared to frequency of DVT in JAK2 V617F negative patients 5% (95% CI: 0.01-0.09) was statistically significant P = 0.0007, but the frequency of stroke in JAK2 V617F positive patients 11% (95% CI: 0.05-0.17) compared to frequency of stroke in JAK2 V617F negative patients 5% (95% CI: 0.01-0.09) was not statistically significant P = 0.118. The frequency of MI in JAK2 V617F positive patients 8% (95% CI: 0.03-0.13) compared to frequency of MI in JAK2 V617F negative patients 3% (95% CI: 0.001-0.06) was not statistically significant P = 0.121, and also the frequency of PE in JAK2 V617F positive patients 5% (95% CI: 0.01-0.09) compared to frequency of PE in JAK2 V617F negative patients 3% (95% CI: 0.001-0.06) was not statistically significant P = 0.47. patients were JAK2 V617F negative. Fifteen patients had PAD. Among these patients 12 patients were JAK2 V617F positive while 3 patients were JAK2 V617F negative. Fifteen patients had HF. Among these patients 12 patients were JAK2 V617F positive, and 3 patients were JAK2 V617F negative.
Number of Patients
Twenty patients had Afib. Fifteen patients were JAK2 V617F positive and 5 patients were JAK2 V617F negative. The frequency of HTN and CAD in JAK2 V617F negative and JAK2 V617F positive patients is shown in Figure 1 . The frequency of DVT and stroke in JAK2 V617F negative and JAK2 V617F positive patients is shown in Figure 2 . The frequency of MI and PE in JAK2 V617F negative and JAK2 V617F positive patients is shown in Figure 3 . The frequency of PAD and HF in JAK2 V617F negative and JAK2 V617F positive patients is shown in Figure 4 . The frequency of Afib in JAK2 V617F negative and JAK2 V617F positive patients is shown in Figure 5 .
Discussion
Previously published data regarding the association of JAK2V617F mutation status and risk of cardiovascular events are difficult to reconcile. This may be because the prevalence of the JAK2 V617F mutation is low in coronary patients as well as in healthy subjects. Muendlein et al. found no difference in the prevalence of JAK V617F mutation among coronary patients and healthy subjects, making the detection of an association between JAK2 V617F positivity and an increased risk of atherothrombotic complications problematic [6] . In contrast, Gasser et al. demonstrated that the JAK2 V617F mutation is common in coronary patients [7] .
Furthermore, Muendlein et al. have reported that the frequency of JAK2 V617F positivity among patients with PAD is 5-fold greater than among healthy individuals; a difference that is highly statistically significant (p < 0.001) [8] .
JAK2 V617F is infrequently associated with ischemic stroke in the absence of overt MPN [9] . These clinical observations in humans is supported by the demonstration of an association between the JAK2 V617F mutation and cardiac disorders in JAK2 V617F transgenic mice that develop increased ventricular wall thickness, enlarged cardiomyocytes, extensive myocardial inflammatory cell infiltration and collagen fibrosis, and coronary artery thrombosis [10] .
Along these lines, investigators have shown that patients with ET and polycythemia vera and increases of their JAK2 V617F allele burden have both an increase in their thrombotic risk , but also demonstrable changes in their prothrombotic status as determined by "ex vivo laboratory investigation. For example, patients with ET have increased levels of platelet-neutrophil aggregates and monocyte CD11b (a cluster of differentiation antigen also referred to as MAC-1) expression were associated with thrombosis supporting the role of leukocyte activation in the pathophysiology of thrombosis [11] .
Our study has several strengths and weaknesses. The strength is that the large number of patient records reviewed and included in this report reduces the play of selection bias and our use of age-gender matching techniques reduced the confounding due to these factors. The Weaknesses in our study include the retrospective design which necessitated our reliance on the electronic medical record for patient selection.
We conclude that there is an increased frequency of Afib, stroke, DVT, CAD, HTN, PE, PAD, HF, and MI in patients who are JAK2 V617F positive compared to the patients who are JAK2 V617F negative, However we could only observe a significant statistical association between JAK2 V617F mutation and Afib, CAD, HTN, DVT, PAD, and HF.
Number of Patients

Age
Male Female Caucasian African American PCV ET MF 100 75(28-98) 53 47 98 2 9 8 6 Table 2 : The demographics of JAK2 V617F negative patients.
Figure 4:
Frequency of PAD and HF in JAK2 V617F negative and JAK2 V617F positive patients. The frequency of PAD in JAK2 V617F positive patients 12% (95% CI: 0.06-0.18) compared to frequency of PAD in JAK2 V617F negative patients 3% (95% CI: 0.001-0.06) was statistically significant P = 0.016, and also frequency of HF in JAK2 V617F positive patients 12% (95% CI: 0.06-0.18) compared to frequency of HF in JAK2 V617F negative patient 3% (95% CI: 0.001-0.06) was statistically significant P = 0.016. The frequency of Afib in JAK2 V617F positive patients 15% (95% CI: 0.08-0.22) compared to frequency of Afib in JAK2 V617F negative patients 5% (95% CI: 0.01-0.09) was statistically significant P = 0.018.
